A 13.4 kb rat genomic DNA fragment containing two related tRNA gene clusters was isolated from a ict A recombinant and analyzed for gene arrangement and nucleotide sequence. One cluster was found to contain a tRNA|je/j_ gene while the second contained a tRNApl'j, pseudogene with multiple base substitutions. The tRNAl-60 gene was found to possess an intact coding region and a functional transcription termination signal at the 3' end as demonstrated by in vitro transcription and processing of precursors to mature size tRNA. The first tRNA geneTTuster was found to contain in addition to tRNA^6", three other transcribable genes coding for ^NAc^c/yw tRNA GGA(G) and tRNA GAG ; the second cluster contained in addition to rRNALeu pseudogene, the tRNA t RNA^'y and tRNA^Iu genes. Examination of flanking sequences of the corresponding tRNA genes in the two clusters shows no homology at the 5 1 ends and partial conservation of sequences at the 3'-end region. Genomic rat DNA blot hybridizationsshow that the tRNA Leu gene is distributed together with the tRNA As P, tRNAGly and tRNA Glu on a 10 fold repeat of 3.2 kb EcoRI fragment.
INTRODUCTION
In eukaryotes, 40-60 major tRNA species are transcribed from a multiple copy family of genes which are dispersed throughout the genome. The reiteration frequency of each specific tRNA gene varies between an average of 10 copies per haploid genome in yeast (1 , 2) and Drosophila (3) to about 200 copies in Xenopus laevis (4) . It has been shown that members of reiterated tRNA gene families may be clustered at several chromosomal loci as in Drosophilo (5, 6) or scattered throughout the genome as in yeast (7, 8) .
Duplication of regions containing tRNA genes have been observed: in Drosophila (9, 10), a simple duplication of a tRNA^v gene or a pair of tRNA^Iu genes, and in Xenopus, a 300 fold repeat of a 3.18 kb sequence containing four tRNA genes (11) . Relatively little information is available about the organization of tRNA genes in mammals, though several tRNA genes have been isolated from human (12) (13) (14) rat (15) (16) (17) (18) and mouse (19, 20) genomes.
Recent reports by us (16) and others (15, 17) indicate that rat tRNA genes are present as solitary genes or in small clusters scattered on the chromosome. The number of tRNA genes in rat was estimated to be similar to that in human genome (12) and to contain 10 to 20 copies of each tRNA gene species (16) .
We have previously described the isolation, from a rat gene library, of a 13.4 kb fragment containing two related clusters of four different tRNA genes (16) . We report here on the organization and sequence of tRNA genes in these two clusters. One cluster contains genes coding for tRNA As P, tRNA Glv and tRNA and the sequence of a fourth tRNA gene coding for tRNA with opposite polarity. The second cluster contains three tRNA genes, tRNA Asp , tRNA Gly and tRNA Glu ' and a tRNA^" pseudo gene.
The frequency of distribution of these tRNA gene clusters in the rat genome was studied and a tentative model for their tandem arrangement was derived.
MATERIALS AND METHODS

Enzymes and Reagents
Restriction enzymes were purchased from New England Biolabs, T4 DNA ligase and T4 RNA ligase from PL Laboratories and T4 polynucleotide kinase from Boehringer-Mannheim.
[ 
Bacterial Strains and Bocteriophage
The construction of the genomic library of Sprague Dawley rat DNA, the screening of the library with f5'-32 P "pCp-labeled tRNA probe and the isolation of the }Ch4-rC 12 clone have been previously described (16) . E. coli strain DP50 sup F was used as the host for the propagation of the recombinant phage and E. coli strain HB 101 for the propagation of plasm id DNAs derived by subcloning of rat DNA fragments in pBR322.
DNA mapping and Sequencing
Mapping of restriction enzymes cleavage sites in cloned DNAs was done by end labeling and cleavage methods (21) . DNA sequencing was done by the method of Maxam and Gilbert (22) after labeling the DNA fragments at the protruding 5'-ends with I~v-32 P T-ATP and T4 polynucleotide kinase or by filling the 3'-recessed ends using the required 32 [a-P 1 deoxynucleotide and reverse transcriptase.
Genomic DNA Blot Hybridization
Five ng rat chromosomal DNA cleaved with one or two restriction enzymes was subjected to electrophoresis on l%agarose gel then transferred to nitrocellulose filter (23) , and hybridized with nick-translated (24) DNA fragments according to Wahl et a I. (25) .
In vitro Transcription ofRot tRNA Genes
Xenopus germinal vesicle extracts were prepared as described by Schmidt et al. (26) and the transcription carried out as previously described (16) . The synthesized RNA molecules were phenol extracted and fractionated by electrophoresis on 10% polyacrylamide 7 M urea gel using single stranded DNA size markers. For the identification of the RNA species, the RNA bands were purified by electrophoresis in the second dimension on a 20% polyacrylamide-7 M urea gel. The radioactive RNA spots were extracted from the gel by shaking with 0.5 M NaCI, 0.1 M Tris pH 7.4 and served as probes for DNA dot hybridization. In order to locate the template of the synthesized RNA species, DNA restriction fragments were spotted on nitrocellulose filters, which were layed sequentially on Whatman subclones with a number of restriction enzymes followed by fragment separation and Southern blot hybridization with p* P "'-pCp-labeled unfractionated tRNA probe enabled the construction of the maps presented in Fig. 1C sequence of the tRNA u and pseudo tRNA'-eu genes arranged in a clover-leaf structure is shown in Fig. 3 . While tRNA^u gene is expected to form a transcript able to fold in the clover leaf configuration it is less probable that a putative transcript of the pseudogene can assume such a stable secondary structure. The base substitutions in the aminoacyl, (Fig. 3 ).
Sequence analysis of the 2.0 kb BamHI-EcoRI fragments of prCj2_] ar| d
shows the presence of a tRNA GTy( C \/ fRNA Gf3;A(G) and a tRNA GAG 96ne '" (Fig. 4) . These genes are oriented in apposite direction as compared to the tRNA The results shown in Fig. 6 indicate that the fragment containing tRNA Al P, tRNA G V, two tRNA species in the transcript of P rC 12-3 (F'9-8). Fig. 7 lane a) . These RNA bands were further resolved in a second dimension electrophoresis on a 20% polyacrylamide gel (Fig. 8) . The RNA spots were extracted and hybridized with DNA restriction fragments of the clone spotted on nitrocellulose filters (Fig. 9) . It was found that RNA bands 1 , 2 and 3 (Fig. 7, lane a) , three tRNA species for the transcript derived from prC^-i (F'9-8A, spots 4, 5 and 6) and only two tRNA species for the transcript derived from prC-|2-3 C*'9* ^B, spots 7 and 8).
These tRNA transcripts were extracted from spots of the gel and hybridized with DNA fragments from prC|2_] and prC^-3 clones containing individual tRNA genes. The results presented in Fig. 9 show that transcription of the tRNA gene cluster of prC-|2-l produces tRNA As P, tRNA G| y and tRNA Glu (spots 4, 5 and 6) while the similar cluster of prC 12 _ 3 yields only two tRNA species tRNA As P and tRNA Gl y (spots 7 and 8)
DISCUSSION
The two tRNA gene clusters in the 13.4 kb rat DNA fragment of clone ^2
reported in this study are not unique in the rat chromosome. Examination of the structure and sequence of these tRNA gene clusters reveals a close resemblance with similar clusisrs isolated by Sekiya et al. (15) and Makowski et al. (27) . These clusters form a family of about ten copies in the hoploid rat genome (17) . A tentative arrangement of the repeated clusters in the rat chromosome is presented in Fig. 10 . The predominant unit (A in Fig. 10) is a 13.4 kb segment containing the tRNA genes in a 3.2 kb EcoRI fragment followed by 0.2, 8 and 2 kb EcoRI fragments. This segment must be repeated several times since five independent clones containing this arrangement have been reported in Sprague Dawley rat (17, 27) .
In one case the 3.2 kb EcoRI fragment in A (Fig. 10 ) is preceded by a 1.2 kb EcoRI segment (17) and in another, the 3.2 kb EcoRI fragment is shortened by deletions to 2.4 kb (28).
The other unit (B in Fig. 10 (17, 27, 28) while unit B was observed only in XCM-pC^, clone (Fig. 1). found only in our clone XCh4-rC]2 ar| d may be unique in the chromosome. This conclusion is supported by the low intensity of the hybridization band of 5.6 kb as compared to the dominant 3.2 kb in the EcoRI restricted rat DNA (Fig. 6, lane A) .
Comparison of the sequences among the tRNA gene clusters revealed that there is sequence heterogeneity among the repeats. The first tRNA gene cluster in >Ch4-rC]2» wbcloned as prC^.j was found to contain in a 2.0 kb BamHI-EcoRI fragment ( Fig. 1 ) three intact, transcribable tRNA genes tRNA As P, tRNA 01 * and tRNA Glu , in this order. The sequence of this fragment was found to be highly homologous to a 2.1 kb BamHI-EcoRI fragment (RTIdg clone) of the Donryu rat of Sekiya et al. (15) . The sequence of the tRNAGlu gene isolated by us (Fig. 5 ) presents a T to C transition at position 4 as reported for all the tRNA^7' u genes and pseudogenes isolated from five other repeats of the family derived from the Sprague Dawley rat genome (17, 27) . The tRNA gene cluster in our prC^-l c ' one » which seems to be identical with the RTIdg gene cluster isolated from Donryu strain of rat, is so far the only repeat isolated from the Sprague Dawley rat which contains three intact, transcribable tRNA genes. In five other copies of the reiterated cluster isolated from this rat stain it was found that while tRNA ^ gene sequence was highly conserved, three repeats possess tRNA Glu pseudogenes and all five contain rRNA G 'y pseudogenes (17, 27) . We have isolated from the prC]2_] clone a fourth tRNA gene coding for tRNA'-eu , with opposite polarity to the other three genes ( Fig. 1 and Fig. 2 ). This is an intact, in vitro transcribable gene ( Fig. 7 lane a) whose sequence shows high similarity to that of cow mammary gland tRNA*- (Fig. 6 lanes C and D) . Hybridization of the EcoRI-cleaved chromosomal DNA blot with the 2.0 kb BamHI-EcoRI probe (containing the three tRNA genes) shows a main radioactive band corresponding also to a 3.2 kb fragment ( Fig. 6 lane A) . These findings indicate that the sequences of the tRNA^6 11 -containing DNA fragment are present always together with the genes for tRNA *P, tRNA G V and tRNA Glu on the 3.2 kb EcoRI repeat (Fig. 1) This homology extends on both sides of the genes, the 3' non coding region be ing generally more conserved than the 5' non coding region. On the other hand the sequences surrounding the tRNA genes in P r Cj2-3 c ' u * er snow considerable divergence from those of other clusters: little or no homology \~\ the 5 1 flanking region and only partial homology, between 9 to 50 bp, in the 3'-non coding region interrupted by base substitution, deletions and insertions of nucleotides. In addition, patches of partial sequence homologies are observed to occur ako in the intergene spacers of prCj2-3 cluster as compared to prCi o_1 or otfier clusters (15, 27) . The results presented here, together with the data from ottier different clusters containing the tRNA 1 *", tRNA As P, tRNA GI >\ tRNA Glu genes (17, 27) support the assumption that this tRNA gene family was derived from cluster duplication followed by mutations and deletions of nonessential sequences.
